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Abstract 
Solid Waste management (SWM) is very acute and intricate problem in developing economies like India. 
Progressing states have meager budget for waste management and major portion of which goes to 
collection and transportation rather than its treatment .Over a period of time waste management become a 
serious problem in developing countries. Mountains of hazardous waste have been created on the 
outskirts of mega cities. These mountains create serious threats to both flora and fauna. Various methods 
like land filling, incineration and composting have been used for waste management, but none of them 
fully satisfy the growing need of waste management in major cities. In this work we have compared 
various methods of Waste management and suggested comparatively better method of plasma arc 
gasification, in which pyrolysis of solid waste takes place at very high temperature thus ensuring syn-
gases as the output of gasifier. The method not only treats all types of waste, but also produces many 
useful byproducts and electricity. The set-up ensures closed loop cycle thereby reducing pollution and 
suits the needs of developing countries and can be potential SWM method in the coming future. 
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1. Introduction 
Since the advent of industrial revolution urbanisation has flourished and the number of city dwellers 
has been increased by leaps and bounds. Presently about 960 million tonnes (1) of waste is generated 
annually in India.  Per day approximately 600g (3)per capita of waste is generated. Major portion of 
SWM budget is being utilized in collection and transportation of the waste. For example in India Urban 
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bodies spent about 60-70 % in collection of waste and remaining 20-30 % is spent on its transportation 
(2).   
Proper disposal of MSW is a necessity to minimize environmental health impacts and degradation of 
land resources. In developing countries, MSW is commonly disposed of by transporting and discharging 
in open dumps, which are environmentally unsafe. Systematic disposal methods are composting, land 
filling and incineration. Looking at the most common disposal methods in the study countries indicate the 
share of open dumping to be 90% in India, 85% in Sri Lanka, 65% in Thailand and 50% in China (Figure 
1). The so-called landfill is mostly covering refuse in the dumpsite by soil neither with proper technical 
input nor with treatment of the emerging emissions to water, air and soil. 
 
 
Fig. 1. MSW disposal methods practiced in study countries (4) 
1.1. Composting 
Composting is one of the oldest methods of SWM. Composting is the biological decomposition of 
organic waste such as food or plant material by bacteria, fungi, worms and other organisms under 
controlled aerobic (occurring in the presence of oxygen) conditions (5). 
The demerits of this process are that – it is a very slow process and can only be to organic waste. 
Segregation of solid waste is very difficult. Hence this process is not very fruitful. 
1.2. Land Filling 
Rapid advancement in the field of mining and real estate aroused the need of land filling .Proving its 
worth land filling has emerged as one of the cheapest and easiest method of  SWM burn out mines and 
low level areas are target areas of dumping solid waste thus levelling the ground for useful purpose. This 
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method suffers from the disadvantage of releasing poisonous gases like methane causing deterioration of 
environment. This method is not applicable in upper lying areas. 
1.3. Incineration 
After the Second World War and latest advancement in manufacturing sciences different types of solid 
wastages were produced. Composting and land filling were not potential processes to tackle the problem. 
A strict need was felt to develop a method which could destroy the waste and hence can save the area 
which was involved previously for solid waste management. This gave birth to incineration.  
Incineration is a waste treatment process that involves the combustion of organic substances contained 
in waste materials. (6)Incineration and other high temperature waste treatment systems are described as 
"thermal treatment". Incineration of waste materials converts the waste into ash, flue gas, and heat. The 
ash is mostly formed by the inorganic constituents of the waste, and may take the form of solid lumps or 
particulates carried by the flue gas. The flue gases must be cleaned of gaseous and particulate pollutants 
before they are dispersed into the atmosphere. 
2. Alternate Method to SWM (Plasma Gasification) 
Plasma Gasification is one of the most recent and efficient method for SWM. It involves gasification 
of solid waste using plasma arc treating the exhaust gases and employing syngas to run “Integrated Gas 
Combined Cycle” to produce electricity, using the vitreous slag as a by-product in real estate industries 
and harnessing toxic gasses like sulphur for laboratory and pharmaceutical. Thus ensuring zero emission 
in the environment and using all the constituents including calorific value of the solid waste for the 
benefit of mankind. 
The nuts and bolts of the process are as follows- 
2.1. Plasma 
Plasma is a superheated column of electrically conductive gas. In nature, plasma is found in lightning 
and on the surface of the sun. Plasma torches burn at temperatures approaching 10,000°F (7) and can 
reliably destroy any materials found here on earth with the exception of nuclear waste, since radioactive 
isotopes are not broken down by heat.  
2.2. Waste Management by Plasma Gasification  
Plasma gasification refers to a range of techniques that utilize plasma torches or plasma arcs to 
generate extreme temperatures that are particularly effective for highly efficient gasification. Solid waste 
contains organic content metallic particles, inorganic contents. Plasma gasification proves to be one of the 
most efficient methods for treating all type of solid waste without segregating them. It involves 
pulverizing of solid waste through crusher’s thereby increasing surface area for pyrolysis. The bundles of 
pulverized solid waste are charged into plasma gasifier furnace using conveyer belt arrangement. The 
plasma produced by high intensity current (approx. 60 Volt & 350 Amp) (8) electrodes produces 
temperature approx 10000 degree Fahrenheit which break downs solid waste into elemental form. 
The major advantage of using pyrolysis process is that the metallic particles do not evaporate as in the 
case of combustion where oxygen is employed which forms metal oxide which is fatal to further 
proceeding of the process. As explained in the Fig. 2, due to pyrolysis thermal cracking takes place as a 
result metallic parts gets converted into vitreous form which is collected by density difference method 
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into useful by-products. The exhaust from plasma gasifier contains many toxic gases which can corrode 
the turbine blades. It should be ensured that only syngas should be used to run turbines. To separate toxic 
gases scrubbing is used. In scrubbing a series of processes is used to eliminate hazardous content one-by-
one. The basic system concepts involve the removal of particulate matter, acid gasses and sulphur, 
mercury, and perhaps nitrogen using SCR (selective catalytic reduction).Particulate matter is treated using 
water quench, cloth filters or venturi cyclones. Activated carbon beds are used to remove mercury and 
other vaporized metals such as lead and cadmium, some of which also gets caught in the cloth filters. 
Sulphur is removed a variety of different techniques, but the basic idea is to use an activated lime that 
reacts with the sulphur to form either hydrochloric acid or an elemental sulphur. The sulphur products 
have some commodity value and may be used in fertilizers. 
The syngas is passed through a cross flow heat exchanger system which reduces the temperature of hot 
gases from approx. 1200 degree Celsius to approx 400 degree Celsius (9). Proper insulation of pipes 
carrying steam to the steam turbine is ensured. Steam is used to run the turbine following regenerative 
and cogeneration cycles. Approximately, Steam turbine systems may generate 500-600kwh per ton of 
MSW and the steam from the turbine output is condensed to form distilled water. 
Hot gases from heat exchangers are employed for running gas turbine which works on Brayton cycle. 
Gas turbines in a combined cycle may generate 1000-1200kwh per ton of MSW.  
 
 
Fig. 2. Plasma Arc Gasification Process Chart 
3. Economics and Environmental Issue of Plasma Gasification 
Plasma gasification process also proves its worth in economic grounds though the initial investment is 
very high approx. 150 million dollar, never the less the process pay rich dividend. The Fig.3 shows the 
statistics of the process which clearly gives it an upper hand to all other processes.Fig.4 shows a 
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comparison of pollution performance of plasma gasification technology and permissible limit by 
Municipal Corporation for combustion of solid waste (10). 
     
 
Fig. 3.                                                                                                         Fig. 4. 
4. Conclusion 
Traditional methods of solid waste management like composting, landfill and incineration are not very 
helpful to completely eradicate the problem of solid waste management. In this gloomy situation plasma 
arc gasification has emerged as a breakthrough technology which not only breaks downs the waste into 
elemental forms but also produces electricity and essential by-products. The process works on a closed 
loop system which safeguards the environment from toxic waste. Economics of the process tells that it 
can very viable for growing economies and hence can be happily implemented in the nations like India, 
China, Malaysia which produces enormous waste and ensures sustainability of the waste management 
process.  
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